Isotonic saline loading and intrarenal distribution of glomerular filtration in dogs. Na-14C-ferrocyanide has been used to measure the ratio of the glomerular filtration rate (SNGFR) of the superficial (SUP) and juxtamedullary (JM) glomeruli of dogs. Using Hanssen's technique, a 0.25 to 1.0 ml single pulse injection of a 15% Na ferrocyanide solution containing 500 jiCi of '4C-ferrocyanide was rapidly injected through a small catheter inserted into the aorta above the renal arteries. Nine or 10 seconds later, the renal pedicles were clamped, the kidneys removed immediately, frozen and immersed in FeCI3. The amount of radioactivity associated with the Prussian blue precipitate within the lumen of the proximal tubule is proportional to the filtration rate of the nephron. In each kidney, at least five SUP and JM proximal tubules from five different regions were dissected and the ratio of the radioactivity of SUP/JM nephrons of each zone was determined. In kidneys of six normally hydrated dogs, this ratio was 0.8 0.03. During continuous saline diuresis (Ringer 3 mI/mm/kg x 30 mm followed by urine volume replacement) the total kidney GFR remained unchanged and the ratio of the SUP/JM SNGFR was 0.83 0.03 which is not different from control values. These results corroborate micropuncture data in the dog which indicate that the SNGFR of the SUP nephrons varies proportionately with total kidney GFR during saline diuresis. This study also indicates that a redistribution of gbmerular filtration towards SUP nephrons is not responsible for the natriuresis observed in these conditions. This finding is also in agreement with the data which demonstrate that the vasodibatation occurring in the kidney following isotonic saline loading is observed throughout the whole cortex.
Isotonic saline loading and intrarenal distribution of glomerular filtration in dogs. Na-14C-ferrocyanide has been used to measure the ratio of the glomerular filtration rate (SNGFR) of the superficial (SUP) and juxtamedullary (JM) glomeruli of dogs. Using Hanssen's technique, a 0.25 to 1.0 ml single pulse injection of a 15% Na ferrocyanide solution containing 500 jiCi of '4C-ferrocyanide was rapidly injected through a small catheter inserted into the aorta above the renal arteries. Nine or 10 seconds later, the renal pedicles were clamped, the kidneys removed immediately, frozen and immersed in FeCI3. The amount of radioactivity associated with the Prussian blue precipitate within the lumen of the proximal tubule is proportional to the filtration rate of the nephron. In each kidney, at least five SUP and JM proximal tubules from five different regions were dissected and the ratio of the radioactivity of SUP/JM nephrons of each zone was determined. In kidneys of six normally hydrated dogs, this ratio was 0.8 0.03. During continuous saline diuresis (Ringer 3 mI/mm/kg x 30 mm followed by urine volume replacement) the total kidney GFR remained unchanged and the ratio of the SUP/JM SNGFR was 0.83 0.03 which is not different from control values. These results corroborate micropuncture data in the dog which indicate that the SNGFR of the SUP nephrons varies proportionately with total kidney GFR during saline diuresis. This study also indicates that a redistribution of gbmerular filtration towards SUP nephrons is not responsible for the natriuresis observed in these conditions. This finding is also in agreement with the data which demonstrate that the vasodibatation occurring in the kidney following isotonic saline loading is observed throughout the whole cortex. A redistribution of the renal blood flow toward the deep regions of the cortex has been observed during sodium retention [1, 21 whereas outer cortical vasodilatation appears to be closely associated with natriuresis [3, 4] . On the other hand, a redistribution of glomerular filtration toward deep or superficial nephrons whose reabsorptive capacities could be different has also been suggested under these conditions [5] . These observations led to the hypothesis of a parallel redistribution of cortical blood flow and glomerular filtration during different states of salt and water balance [2] [3] [4] [5] [6] .
This hypothesis has been verified, in part, by Horster and Thurau [7] and de Rouffignac and Bonvalet [8] who demonstrated that the single nephron glomerubar filtration rate (SNGFR) of the superficial (SUP) nephrons was significantly increased when compared to the SNGFR of the juxtamedullary (JM) nephrons during chronic salt loading in rats. On the other hand, when a marked natriu-resis was produced by acute isotonic saline expansion of the extracellular volume in rats, de Rouffignac Ct al [9] did not observe any redistribution of the SNGFR. The ratio of the SNGFR for SUP/JM nephrons remained comparable to the values obtained in control animals. In the dog, under similar conditions, Mandin et a! [10] recently observed, by micropuncture, that the SNGFR of the SUP nephrons varied in parallel with the total glomerular filtration rate of the kidney, a finding which is opposed to the redistribution of glomerular filtration. However, in this previous study, apart from technical problems, no direct measurements of the SNOFR of the JM nephrons were performed. In the present experiments, 14C-labelled Na ferrocyanide has been used to measure the ratio of the SNGFR of the SUP/JM nephrons in the dog kidney using the technique described by Hanssen [11] [12] [13] . The results demonstrate that redistribution of glomerular filtration is not observed following an extracellular volume expansion produced by the administration of 10% body wt isotonic saline.
Methods
Dogs weighing between 7 and 14 kg were anesthetized with Pentobarbital (30 mg/kg) and were given additional doses as required during the experiment. The animals were intubated and allowed to breathe room air. A femoral artery was cannulated for the continuous monitoring of the arterial blood pressure. The central venous pressure was also recorded with a catheter inserted into the superior vena cava. Both ureters were cannulated via a suprapubic incision. The two kidneys were exposed via flank incisions and loose ligatures were placed around the renal pedicles in order to remove the kidneys rapidly following the injection of Na ferrocyanide at the end of the experiment.
A small polyvinyl catheter (1. D. 0.015 inch and 0. D. 0.030 inch) was placed into the aorta above the two renal arteries using the method previously described by Herd and Barger [14] .
Upon completion of the surgical preparation, a priming dose of inulin was administered and this was followed by a constant infusion. After a 40 to 60 minute equilibration period, urines were collected over three 20 minute periods for the determination of the inulin clearance (C1) as a measure of the whole kidney glomerular filtration rate.
The animals were then divided into two groups. In the first series of experiments, at the end of the control clearance periods, a bolus of 0.25 to 1.0 ml of Na ferrocyanide consisting of 500 jiCi of 14C-Na ferrocyanide with a specific activity of 9.45 mCi/mmole (Service des Molecules Marquées, CEA, Saclay, France) to which cold Na ferrocyanide was added to obtain a 15 to 20% solution was rapidly injected into the polyvinyl catheter inserted into the aorta.
Since the dead space of the catheter was only approximately 10 jl, no subsequent flushing was necessary and the blood was allowed to run freely out of the catheter. Nine or ten seconds later, the renal pedicles were ligated and the kidneys immediately removed and frozen in a mixture of dry ice and acetone. The animals of this group will be referred to as the control dogs.
In the second series of experiments, following the three control clearance periods, an acute isotonic expansion of the extracellular volume of approximately 10% body wt was produced by the infusion of 3 ml/kg/min of a Ringer solution for 30 minutes. Thereafter, a minute to minute replacement of the urine output was achieved by the intravenous infusion of the Ringer solution. Fifteen minutes later, three experimental clearance periods were measured under these conditions which were followed by the injection of 14C-ferrocyanide following the same procedure as for the control dogs.
Once frozen, the kidneys were weighed and slices, approximately 2 mm thick, were immediately prepared using an electric saw, and placed in an alcoholic ferric chloride solution previously cooled with dry ice and acetone as suggested by Baines, Baines and de Rouffignac [15] . Thereafter, the kidneys were kept in this solution at 0°F for 18 to 20 hours. The kidney slices were then digested in a 20% HC1 solution at 37°C for seven hours and then washed in deionized water and placed in a solution of 1 % acetic acid and 0.2% ferric chloride. The proximal tubules were microdissected and transferred to plastic discs where the glomeruli and tubules were outlined with the aid of a camera lucida attached to the dissecting microscope. The largest diameter of the glomeruli was measured with a vernier. The length of the proximal tubule up to the thin segment of the loop of Henle and the distance from the glomerulus to the dye front which is easily localized when such a concentration of ferrocyanide is injected, were measured with an odometer. The tubules were then dried and the radioactivity (CPM) contained in the entire proximal tubule measured with a low coincidence, low background planchet counting system. in order to avoid errors which could be introduced by a non-homogeneous distribution of the ferrocyanide within the kidney and also to obtain a representative population of nephrons, five SUP and five JM glomeruli and proximal tubules of the same pyramid were microdissected from five sections of different regions of the kidney. In the dog, the most superficial glomeruli are located approximately five mm beneath the capsule. In the present study, only those glomeruli with the attached proximal tubule from which at least one convolution was identified at the surface of the kidney were considered as superficial nephrons. The JM nephrons were considered to be those nephrons whose glomeruli were most deeply localized in the cortex of any pyramid, which is at the top of the vasa racta bundles at a 
Results
Morphologic data. The mean body weight of the six control dogs used in these experiments was 10 kg and the weight of their kidneys averaged 38.3 g. The mean lengths of the proximal tubules of 285 SUP nephrons (12.64± 0.14 mm) and 291 JM nephrons (12.16 0.13mm) from 53 pyramids were not significantly different. The mean glomerular diameter of the JM nephrons (189.9± 1.8 11) was slightly higher than the SUP nephrons (180.6 1.7 ji); a difference which is not statistically significant. The body weight of the five saline-loaded dogs averaged 8.6 kg and their kidney weight 44.9 g. Again, in this series, the mean length of the proximal tubules of the SUP nephrons (12.3± 0.14 mm) was slightly but not significantly greater than that of the JM nephrons (11.49± 0.15 mm). The mean glomerular diameter of the JM nephrons (172.8 1.9 t) was somewhat larger than that observed for the SUP nephrons (164.1
1.3 ii), although as previously observed under control conditions, these values were not significantly different. Clearance data. Table I nephrons ratios for the CPM and dye front obtained in each individual dog. The mean value calculated from these mean ratios obtained in ten kidneys from these dogs was 0.80 0.03 for the CPM. When the distance from the glomerulus to the front of the Prussian blue precipitate was measured, a comparable ratio was observed which again is in favor of a lower filtration rate in the SUP nephrons when compared to the JM nephrons. Table 2 indicates that following isotonic saline loading no significant changes in the blood pressure occurred (139 5 vs 138± 7 mm Hg). However, the central venous pressure, which averaged 0.9 0.2 cm of water during the control period, increased to a maximum of 7.5 0.7 cm H20 during the initial rapid expansion and stabilized to a mean of 2.2±0.8cm H20 when only urine losses were replaced. A 14% decrease in the hematocrit from 42± ito 36±2% provided additional evidence for the expansion of the intravascular volume. An average of an eight-fold increase in the urine volume from 0.22 0.04 to 1.75 0.44 ml was observed. This table also illustrates that, in this series of dogs, the whole kidney glomerular filtration rate was not modified by saline loading, changing from 14.6± 2.5 ml! mm under control conditions to 14. 
Discussion
The morphologic data obtained with the control dogs of the present study are comparable to those reported in the literature. Indeed, the size of the glomerular diameter is comparable to that reported using the same method f17] and to that observed when the diameter of the glomeruli was measured on histologic sections [181. It also compares with the diameter of the glomerular capillary tufts of dog kidneys filled with Microfil [19, 211 . As previously reported [21] , the slight difference between the diameter of the SUP and JM glomeruli was not exaggerated by isotonic saline loading.
The length of the proximal tubules observed in the present experiments, is in agreement to that reported by Sperber [22] . Considering the thickness of the cortex of the dog kidney and also the fact that all of the loops of Henle reach the inner medulla, it is not surprising that the superficial nephrons, contrary to what is normally observed in rodents [23] , have slightly longer proximal tubules even though this difference is not significant.
Considering the technical aspect of Hanssen's technique adapted to the dog, preliminary attemps to inject a pulse of 14C-ferrocyanide directly into the renal artery proved to be fruitless, since, in contrast to the injection of inert gases, the large molecular weight of the ferrocyanide prevented its homogeneous distribution within the kidney. However, following intraaortic injection, good mixing was obtained and homogeneous distribution within the kidney was observed. Only a few SUP as well as JM nephrons did not contain any Prussian blue precipitate under control conditions. As previously suggested by Hanssen for mice [24] , this can be attributed to the absence of filtration in these nephrons since the corresponding glomeruli did not contain any trace of the dye. On the other hand, during volume expansion, this was rarely observed. The intraaortic injection of ferrocyanide was never accompanied by any variations of the arterial blood pressure.
The kidneys were removed 10 seconds after the pulse injection of ferrocyanide and under these conditions the Prussian blue precipitate was easily localized in the first half of the proximal tubule. A small amount of extraluminal radioactivity (25) was detected in the distal tubule. This amount of radioactivity must also be considered to be present in the proximal tubule as previously demonstrated [25] . Considering the length of the proximal tubule, it would account for less than 15 and 11 % of the radioactivity which was present in the SUP and JM proximal tubules, respectively, either under normal conditions or during saline-loading. It can be concluded that this amount of radioactivity which is essentially the same in the SUP and JM nephrons does not influence the ratio of the intratubular radioactivity between these two types of nephrons and therefore was not substracted from the data obtained for the proximal tubule.
The higher rate of SNGFR in the JM nephrons observed under control conditions in the present experiments is in agreement with the results reported for the rat [8, 13, strate that, in parallel with the total kidney glomerular filtration rate, the SNGFR of the SUP and consequently the JM nephrons remained unchanged during saline diuresis. However, more recently, Bruns et al [27] , using Hanssen's technique, suggested from preliminary results that 15% body wt saline-loading in dogs produced a diminution and an increase of the filtration fraction in the JM and SUP glomeruli, respectively. The disagreement between the results of those experiments in which a larger volume expansion (15% compared with 10% body wt) was used and the present results could be explained on the basis of observations recently made in rats. Indeed, Herrera-Acosta et al [281 have suggested that the degree of volume expansion could be the origin of the conflicting results concerning the changes in SNGFR in rats following volume expansion. They concluded that a limited volume expansion (10% body wt), as in the present experiments, did not produce filtrate redistribution, while progressive volume expansion more comparable to the protocol used by Bruns et al [27] From the present results, it can be concluded that Hanssen's technique may be used in the dog and in addition, that an acute isotonic extracellular volume expansion of 10% body wt has no influence on the normal distribution of the SNGFR within the kidney. Other mechanisms, such as modifications in the peritubular circulation, must be taken into consideration in order to explain the natriuresis observed under these conditions.
